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Description 

Energy consumption meter arrangement 

The present invention relates to an energy consumption 
meter arrangement . 

Energy consumption meters are used for detecting consumed 
or generated electrical energy. Such energy consumption 
meters are also referred to as electricity meters or 
kilowatt hour meters. 

In the case of electronically operating energy consumption 
meters, voltage and current are normally detected, 
digitized and multiplied by one another. After the 
multiplication, the instantaneous electrical power is 
provided. If this electrical power is integrated or 
accumulated over time, a signal is obtained which is a 
measure of the electrical energy generated or consumed in a 
specific period of time. 

In order to obtain signals which are proportional to 
electrical voltage and to electrical current, voltage 
dividers, voltage transformers, current transformers or 
other means for coupling out signals can be used. 

In many applications it is necessary to provide DC 
isolation at least in one of the two channels for detecting 
voltage and current .. Such a DC isolation of the circuits is 
provided by a transformer, for example. 

One problem with such transformers, however, is the phase 
shift caused by the inductive coupling of the transformer. 
The phase shift results firstly between the output signal 
and the input signal of the transformer. Secondly, the 
phase shift also results between the signal representing 
the current and that representing the voltage, however. 
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This results in undesirable measurement errors during the 
multiplication of voltage and current, however. In this 
case it is necessary to take care that the voltage and 
current are generally not present in the form, of DC 
5 signals, but rather in the form of AC signals having a more 
or less harmonic signal shape. 

The described problem is further intensified, in addition, 
by the fact that, even when in each case one transformer- 
10 based transfer arrangement is inserted in the voltage and 
current measurement channel, an unpredictable phase shift 
between the two input channels may be caused by 
manufacturing tolerances, thermal effects, ageing effects 
etc . 

15 

In order to correct the undesirable phase shift described, 
for example RC networks which comprise resistors and 
capacitors could be used. However, these RC networks 
normally need to be in the form of additional external 
20 components and, disadvantageously , cannot normally be 
integrated. In addition, the problem of manufacturing- 
related and temperature-related tolerances is in principle 
not solved by this means. 

25 The object of the present invention is to provide an energy 
consumption meter arrangement which can be integrated with 
little complexity and with which the voltage and/or the 
current can be detected with DC isolation, without 
measurement errors resulting. 

30 

The object is achieved according to the invention by an 
energy consumption meter arrangement, having 

a first input for feeding a signal derived from a 
voltage, to which first input a first analog-to- 
35 digital converter is connected, a second input for 

feeding a signal derived from a current, to which 
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second input a second analog-to-digital converter is 
connected, 

a multiplier, which combines the outputs of the two 
analog-to-digital converters with one another, 
a phase evaluation block having two inputs, which are 
coupled to the first and the second input of the 
energy consumption meter arrangement for the purpose 
of measuring a phase difference, and having an output, 
which is coupled to a phase correction block, and 
the phase correction block, which is coupled to an 
output of one of the two analog- to-digital converters, 
designed for correcting the phase difference of the 
digitized signal derived from a current or a voltage. 

In accordance with the proposed principle, a phase shift 
between the input of the energy consumption meter 
arrangement, to which a signal derived from an electrical 
voltage is fed, and that input of the energy consumption 
meter arrangement to which a signal derived from an 
electrical current is fed is detected and compensated for. 
The signal inputs for feeding the signal derived from the 
voltage and the signal derived from the current may also be 
referred to as input channels, namely the voltage channel 
and the current channel . 

It is advantageously possible with the proposed measurement 
and compensation of the phase shift between the two 
channels to DC- isolate the channels from one another and/or 
at least . one input from the energy consumption meter 
arrangement. Owing to the compensation of the phase shift, 
measurement errors in the arrangement are avoided. In this 
case, no external compensation networks such as 
resistance/capacitance networks are advantageously required 
for phase-shifting purposes. 

The phase evaluation block and the phase correction block 
advantageously bring about a so-called on-chip phase 
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correction of the energy consumption meter arrangement 
without any external components. 

For example, the phase difference between the two input 
channels can be measured in a calibration operating mode by 
an identical input signal being applied to the two inputs. 
A sinusoidal signal is preferably applied to the two inputs 
of the energy consumption meter arrangement in the 
calibration operating mode. 

In this case, the zero crossings of the two signals, for 
example, can advantageously be compared by the phase 
evaluation block. It is thus possible to determine the 
relative time interval between the zero crossings. The 
calculation of the phase difference from the time interval 
of the zero crossings of the two signals can advantageously 
be brought about, for example, by means of a logic unit in 
the phase evaluation block. It is then easily possible 
using the determined phase difference to carry out a 
correction of precisely this phase difference in one of the 
two channels. 

The phase correction value can advantageously be stored in 
the phase evaluation block in order that the correction 
25 value is also available during normal operation, after the 
calibration operating mode. 

As a result of the fact that no external components are 
required for the phase correction, the implementation of 
3 0 the proposed energy consumption meter arrangement is 
advantageously possible in a very cost-effective manner. 
The proposed energy consumption meter arrangement which can 
be integrated is therefore particularly well suited to mass 
production. 

35 

An additional advantage is provided by the fact that the 
time required for calibrating the energy consumption meter 
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arrangement on the basis of the proposed principle is 
particularly low. In principle, the phase difference 
between the two input channels can be determined within 
only one period of the input signal. The period can in this- , 
case be calculated in a simple manner from the inverse 
value of the respective signal frequency. The signal 
frequency in the case of energy consumption meters is 
generally 50 hertz or 60 hertz, depending on the national 
standardization. 

In accordance with the proposed principle, a phase 
difference between the input signals of the energy 
consumption meter arrangement, which are present in the 
form of analog signals, is detected. On the other hand, the 
phase error is corrected in the domain of the digital 
signal processing, i.e. after the analog- to-digital 
conversion of the input signals. 

In order to achieve particularly rapid determination of the 
phase difference between the input channels of the energy 
consumption meter arrangement, it is advantageous to 
connect the clock input of the phase evaluation block to 
the clock inputs of the analog- to-digital converters and 
thus also to use the clock signal of the analog- to-digital 
converters for the phase evaluation, which clock signal is 
in any case required for the operation of the energy 
consumption meter arrangement. 

The phase evaluation block advantageously comprises means 
for permanently storing a phase correction value. The means 
for permanently storing a phase correction value is 
preferably in the form of a nonvolatile memory, for example 
in the form of an EEPROM. 

Owing to the permanent storage of the phase correction 
value, the phase correction value determined in a 
calibration operating mode is also still available after 
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disconnection and reconnect ion of the energy consumption 
meter arrangement . 

For the signal conditioning- of the input signals to be fed 
5 to the phase evaluation"' block, it is advantageous to 
provide in each case one limiting amplifier which couples 
the first input and the second input of the energy- 
consumption meter arrangement to associated inputs of the 
phase evaluation block. 

10 

The analog-to-digital converters are advantageously each in 
the form of sigma-delta converters or in the form of sigma- 
delta modulators. As a result, it is possible to sample the 
input signals derived from the voltage and current with a 
15 high degree of resolution and with good integrability . 

An integrator which integrates the signal provided by the 

multiplier is advantageously provided at the output of the 

multiplier. The integrator can advantageously be in the 

2 0 form of an accumulator. 

The integrator is advantageously designed such that it 
integrates the signal, which is provided by the multiplier 
and represents the instantaneous electrical power, to form 
25 a signal which is a measure of the consumed or generated 
electrical energy. 

Further preferably, the first and the second analog-to- 
digital converters, the phase correction block and the 

3 0 phase evaluation block are designed using integrated 

circuit technology. The limiting amplifiers, the sigma- 
delta converters and further functional blocks and/or 
components in the signal -processing chain of the energy 
consumption meter arrangement can, if provided, 
3 5 advantageously be designed using integrated circuit 
technology. The energy consumption meter arrangement can 
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advantageously be implemented in a single integrated 
semiconductor circuit . 

The output of a transfer arrangement, which brings about DC 
5 isolation, can advantageously be connected to the first 
input of the energy consumption meter arrangement and/or to 
the second input of the energy consumption meter 
arrangement. Such a nonconductive transfer arrangement may 
advantageously be a transformer. 

10 

The comparatively great phase differences of such coupling 
elements, which bring about DC isolation of the inputs, can 
be compensated for in a particularly simple and effective 
as well as . highly accurate manner using the proposed 
15 principle. 

A means for generating a test signal is preferably provided 
which is coupled to the first and the second input of the 
energy consumption meter arrangement. 

20 

If coupling-in elements are provided, such as transformer- 
based transfer arrangements, the means for generating the 
test signal is advantageously designed such that the test 
signal is fed in at the input of the transfer arrangement 
25 or coupling-in element. In this case, it may be 
advantageous to make it possible for the inputs to be 
switched over between a useful signal operating mode and a 
calibration operating mode, in which the inputs are 
connected to the means for generating the test signal. 

30 

The means for generating the test signal can advantageously 
be activated in a calibration operating mode, whereas it 
can be deactivated in the normal operating mode, i.e. 
during actual energy measurement operation. 

35 
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Further details and advantageous refinements of the 
proposed principle are the subject matter of the dependent 
claims . 

5 The invention will be explained in more detail below using 
an exemplary embodiment with reference to the figure, in 
which: 

the figure shows a block circuit diagram of an exemplary 
10 embodiment of the proposed energy consumption 

meter arrangement . 

The figure shows an energy consumption meter arrangement 
having a first input 1 and a second input 2. The first 

15 input 1 is designed for feeding a signal derived from an 
electrical voltage V. The second input 2 is designed for 
feeding a signal derived from an electrical current I . In 
this case, the electrical voltage V and the electrical 
current U are based on the same signal. The input of a 

20 first analog-to-digital converter 3 is connected to the 
first input 1. The input of a second analog- to-digital 
converter 4 is connected to the second input 2 . The analog- 
to-digital converters 3, 4 are each in the form of sigma- 
delta modulators. The output of the first analog- to-digital 

25 converter 3 is connected to the input of a multiplier 7 via 
a first digital filter 5. The output of the second analog- 
to-digital converter 4 is connected to a further input of 
the multiplier 7 via a second digital filter 6. The second 
digital filter 6 comprises a phase correction block. An 

3 0 integrator 8 is connected to the output of the multiplier 7 
and converts a signal, which is applied to its input and is 
a measure of the instantaneous electrical power P, into a 
signal which represents the electrical energy E. 
Furthermore, a phase evaluation block 9 having a first 

3 5 input and a second input is provided. The first input and 
the second input 1, 2 of the energy consumption meter 
arrangement are connected to the inputs of the phase 
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evaluation block 9 by in each case one limiting amplifier 
10, 11. 

The phase evaluation block 9 comprises a nonvolatile memory 
5 17, in which the measured phase difference or the 
associated correction value can be permanently stored. 

In order to couple out the electrical voltage, a voltage 
divider 12 is provided, whose output is connected to the 

10 first input of the energy consumption meter arrangement, 
and whose input forms a voltage input 13 for feeding the 
electrical voltage. In order to couple out the electrical 
current, a transformer 14 is provided which is connected 
between a current input 15 and the second input 2 of the 

15 energy consumption meter arrangement. The transformer 14 
provides DC isolation between the current input 15 and the 
second input 2 . 

The output of a test signal generator 16 is connected to 
20 the voltage input 13 and the current input 15. The test 
signal generator 16 provides a harmonic, for example 
sinusoidal signal having a rated frequency of 50 or 
60 hertz. 

25 Owing to the voltage divider 12 and the transformer 14, 
different phase shifts result for the two input channels of 
the energy consumption meter. Of particular significance is 
the relative phase difference Acp between the two input 
channels at the inputs 1, 2 of the energy consumption meter 

30 arrangement. This phase difference A(p is determined by the 
phase evaluation block 9. This takes place in a calibration 
operating mode owing to the fact that the test signal 
generator 16 is activated and, as a result, feeds in in 
each case one in-phase, sinusoidal signal at the voltage 

35 input 13 and the current input 15, This signal experiences 
a different phase shift in the voltage divider 12 and the 
transformer 14 . 
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The relative phase difference Acp at the inputs 1, 2 is 
determined in the phase evaluation block by the time span 
between the zero crossings of the two signals at the inputs 
5 of the phase evaluation block being detected and being 
converted into a corresponding phase difference. A 
corresponding correction value is output at the output of 
the phase evaluation block. A phase correction block is 
therefore driven in the digital filter 6 and precisely 
10 compensates for the phase difference Acp. The limiting 
amplifiers 10, 11 in the process improve the accuracy of 
the detection of the zero crossings. 

The calibration operating mode is activated a single time 
15 when the energy consumption meter arrangement is produced. 

The proposed principle provides automatic phase correction 
for integrated energy consumption meter arrangements which 
is completely integrated. The proposed energy consumption 

2 0 meter arrangement is also characterized by a low 
calibration time and low costs during production . In 
addition, DC isolation of at least one channel is possible 
at the input of the energy consumption meter arrangement, 
without measurement errors resulting. The DC isolation is 

25 particularly significant when more than one channel is 
measured, as is conventional in the case of electrical 
energy consumption meters. 

In particular, it is possible to compensate for a phase 
30 shift which is unavoidably caused by transformers. In this 
case, no additional external components such as resistance- 
capacitance networks are required for phase correction 
purposes . 

35 Owing to the nonvolatile memory 17, the phase correction 
value is also still available when the energy consumption 
meter has been switched off. 
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Since the determination of the phase difference is in 
principle possible within one period, particularly rapid 
calibration can be carried out using the proposed 
5 principle. 

The phase evaluation block 9 advantageously has a clock 
input which is connected to the clock inputs of the sigma- 
delta modulators 3, 4 . As a result, the clock edges between 
10 two zero crossings can be counted at the inputs 1, 2 and 
thus the phase difference can be determined in a simple and 
accurate manner - 

In accordance with the proposed principle, the relative 
15 phase difference at the- two inputs of the energy 
consumption meter arrangement is detected in the analog 
signal domain. The phase difference, however, is corrected 
in the digital signal -processing domain. 



